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Abstract 
Atherosclerosis is an age-related disease and a condition in which a plaque builds up in arteries by 
accumulation of fatty materials in intima. During plaque development, calcified nodules may 
accumulate within the plaque’s lipid core (LC) or fibrous cap (FC) and cause complications. The 
plaque rupture is a major cause of mortality and morbidity and identifying those plaques at high risk 
of rupture is of great importance in medicine. From mechanical viewpoint, plaque rupture, on 
fibrous cap, can be treated as a boundary value problem, where risk of rupture is determined from 
geometry and mechanical properties of the plaque components and their boundary conditions. 
Experimental and analytical studies provide a fundamental knowledge which may assist medical 
doctors with diagnosis of a plaque’s condition, e.g. at risk of rupture or ruptured.   
The purpose of this dissertation was to give a better understanding of the physiological and 
pathological changes in the arterial wall due to ageing and atherosclerosis, respectively, from a 
mechanical viewpoint, focusing on physiological intimal thickening and pathological changes such 
as calcification and rupture in the elderly subjects. Thus, layer-specific and lesion-dependent 
mechanical and morphological characteristics in the arterial wall were investigated by incorporating 
methods such as uniaxial stretching tests, histological examinations, finite element (FE) analyses, 
etc. This dissertation consists of five chapters, each of which is shortly explained below: 
 
Chapter 1 
Chapter1 presents a background and the above mentioned purpose of this dissertation, as well as an 
outline of its contents. 
 
Chapter 2 
Chapter 2 presents a novel technique to study the effect of layer-specific geometry and material 
properties of three separated wall layers on stress in an arterial wall with physiological intimal 
thickening. A ring-like segment of a common carotid artery was obtained from autopsy, cut open 
radially and finally separated into three layers circumferentially. Mechanical properties of each 
layer were identified through stretching tests. An FE model was created based on geometries and 
the mechanical properties of these separated layers. We compared stress result from FE analysis 
with results of another FE model based on the segment’s geometry before layer-separation. The 
stress-strain relationship and local curvature of the innermost stress-released layer influenced the 
circumferential stress and its radial gradient significantly. 
We conclude that circumferential stress and its radial gradient are highly dependent on local 
curvature of the innermost stress-released layer, indicating that intimal stress is influenced 
significantly by location-dependent intimal remodelling. 
 
Chapter 3 
This chapter presents a study on the effects that a presence of calcification has on deformation of 
luminal surface in atheromatous plaques. We obtained atheromatous thoracic aortic walls from 
autopsy. Presence, profile and depth of calcification were determined by CT scanning. We then 
stretched the specimens circumferentially and used a digital image correlation technique to evaluate 
strain field on luminal surface. After the test, we decalcified, formalin-fixed and cut them into strip-
like segments. The location of calcification in these segments (in FC or LC) was determined by 
histology. 
 
Chapter 4 
This chapter studies the geometrical changes that rupture of a plaque and hemorrhage into LC 
causes in a plaque. An FE model of a carotid artery with a ruptured plaque was created using 
geometry of an endarterectomy sample. We compared the shape obtained from FE analysis, under 
physiological loading conditions, with ultrasonographic images obtained before surgery. We also 
created another FE model representing the artery with unruptured plaque and compared resulted 
shapes from FE analyses. 
 
Chapter 5 
This chapter provides overall conclusions derived from each of the studies carried out in this 
dissertation. This dissertation investigated the mechanical characteristics of human atheromatous 
plaques by incorporating histological observations and medical imaging techniques. It provides a 
deeper understanding of the effect of layer-specific geometry/material properties on stress/strain 
distribution and deformation in physiologically remodelled arteries. It also promotes our basic 
knowledge of the relationships of calcification and rupture with deformation of plaques in 
pathologically remodelled arteries. This additional information from mechanical viewpoint may 
facilitate devise of better prevention/treatment methods by medical doctors by improving diagnosis 
of the state of the plaque and its constituents. 
